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Summary. Recently, the ERT (Enchytraeid Reproduction Test) was developed as a new 
laboratory test system using species of the genus Enchytraeus (mainly E. albidus). The main 
endpoint is reproduction (= number of juveniles), not mortality. Since E. albidus, which was 
chosen mainly for its size, prefers organic substrates, the test was also performed with an- 
other, true soil-dwelling species of the same genus. The species belongs to the Æ. buch- 
holzi/minutus — complex, and is smaller and reproduces faster than E. albidus. Each species 
was tested for its sublethal susceptibility to carbendazim (formulation Derosal®) and 4-nitro- 
phenol, respectively. The tests were performed following the Draft Guideline of the En- 
chytraeid Reproduction Test (ERT). 

The NOEC value (reproduction) for carbendazim was determined as 1.2 mg/kg (E. albi- 
dus) and 2.7 mg/kg (E. “buchholzi”), whereas the NOEC values calculated for 4-nitrophenol 
were10.0 mg/kg (E. albidus) and 5.6 mg/kg (E. “buchholzi"). Neither of the examined spe- 
cies proved to be more susceptible to these chemicals than the other in general. 
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Introduction 


Recently, the ERT (Enchytraeid Reproduction Test) was developed as a new laboratory test 
system using species of the genus Enchytraeus (mainly E. albidus). As in the well-known 
earthworm test with Eisenia fetida (OECD 1984, BBA 1994, ISO 1995), artificial soil is used 
as the test substrate, but the main endpoint is reproduction (= number of juveniles), not 
mortality. Since E. albidus, which was chosen mainly for its size, is most often found at sites 
with a high organic content (compost heaps and marine shore debris) and only rarely in soils 
(Kasprzak 1982), the test was also performed with another, true soil-dwelling species of the 
same genus. 

In this contribution we present the results of an ecotoxicological comparison between E. 
albidus and an up-to-now undescribed soil-dwelling species from the E. buchholzi/minutus- 
species complex (Schmelz et al. 1999), called E. “buchholzi” in the following. The soil-dwel- 
ling Enchytraeus-species is smaller and reproduces faster than E. albidus. It is widespread in 
meadow soils (at least) in Northern Germany (Schmelz pers. obs.). Each species was tested 
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for its sublethal susceptibility to the fungicide carbendazim (formulation Derosal®) and the 
environmental chemical 4-nitrophenol, respectively. The aim of this study was to compare the 
reactions of these closely related species to these two chemicals, using the same test system. 


Materials and Methods 


The tests were performed following the Draft Guideline of the Enchytraeid Reproduction Test (ERT), 
which is based on a combined mortality/reproduction test developed nearly ten years ago (Rémbke 
1991). This draft guideline was recently validated in an international ringtest (Rémbke & Moser 1999). 
Details of the test performance are given in Tab. |. In total, four test runs were performed. The effects 
of carbendazim and 4-nitrophenol on the mortality and the reproduction of both test species were in- 
vestigated. Normality and variance homogeneity of the test results were assessed using Kolmogoroff- 
Smirnov’s test and Bartlett's test, respectively. Multiple t-tests such as the Williams test were performed 
with normally distributed and homogeneous data. 


Table 1. Short characterisation of the ERT (Enchytraeid Reproduction Test) 


Subject Description 

Guideline: Draft guideline according to OECD standards 

Test species: Enchytraeus albidus; Enchytraeus sp.; 10 adult worms (as identified by 
visible eggs in the clitellum region) 

Substrate: Artificial soil according to OECD (1984) 


Test Design and Duration: — Range-finding test: 2 weeks. 
Definitive 2est: £. albidus: 6 weeks. Removal of the adult worms after 
3 weeks; counting of the juveniles hatched after 3 more weeks. 
E. “buchholzi”: 3 weeks. No removal of adults 


Parameter: Range-finding-test: mortality, behaviour 
Definitive test: number of juveniles 

Performance; Room temperature (20 + 2°C); weekly feeding (oats strewn onto the soil 
surface): 

Concentrations: Range-finding-test: Control, 0, 0.1, 1, 10, 100, 1000 mg/kg (1 replicate): 
Definitive Test: 5 concentrations plus control (4 replicates) 

Test substances: Fungicide carbendazim (formulation Derosal®) 
Industrial chemical 4-nitrophenol 

Data assessment: Determination of the No-Observed-Effect-Concentration (NOEC ) by 
multiple t-tests 

Validity criteria: Adult mortality in the control less than 20 % 


Number of juveniles in the control more than 25 per 10 adults 
Coefficient of variation (reproduction) less than 50 % 


From various studies the fungicide carbendazim is known as very toxic for oligochaetes (Stringer & 
Wright 1976; Lofs-Holmin 1981; Rémbke 1989; Federschmidt 1994). Carbendazim is the first metabo- 
lite of the widely used fungicide benomyl, which is also very toxic for oligochaetes. The environmental 
chemical 4-nitrophenol is the metabolite of the widely used insecticide parathion. Both are only mode- 
rately toxic for oligochaetes (Neuhauser et al. 1986; Rémbke et al. 1994). 


Results and Discussion 


In nearly all test runs the mortality did not exceed 20%. Only in the carbendazim test with 
E. albidus was the mortality criterion very slightly missed (Tab. 2). The rate of mortality was 
lower in both tests with £. “buchholzi”. All test runs can be regarded as valid, as the mean 
number of juveniles in the controls was always higher than 25 (61 and 69 for E. albidus, 214 
and 165 for E. “buchholzi”) and the coefficient of variation was always lower than 50% 
(Tab. 2). 
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Table 2. Values of the validity criteria in the four tests performed with £. albidus and E. “buchholzi”, 
respectively 


Validity criterion E. albidus E. “buchholzi” 
Carbendazim tests Adult mortality (%) 20.0 12.5 

Number of juveniles 60.6 213.6 

Coeff. of variation (%) 23.6 16.9 
4-nitrophenol tests Adult mortality (%) 21.2 5.0 

Number of juveniles 69.3 161.5 

Coeff. of variation (%) 29.3 9.7 


The number of juveniles is shown in Fig. | (carbendazim) and Fig. 2 (4-nitrophenol). The 
NOEC values (reproduction) for carbendazim were determined as 1.2 mg/kg (E. albidus) and 
2.7 mg/kg (E. “buchholzi”) (Tab. 3). Although E. albidus is larger than E. “buchholzi” it 
reacts slightly more sensitively to carbendazim. The NOEC values calculated for 4-nitrophe- 
nol were 10.0 mg/kg (E. albidus) and 5.6 mg/kg (E. “buchholzi”). Here the larger species ap- 
pears to be less sensitive than the smaller one. 

With respect to the high variance of the individual test results, no statistical comparison of 
the NOEC values was performed. In general, neither of the examined species proved to be 
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Fig. 1. Effects of carbendazim (active ingredient) on the number of juveniles in two test runs performed 
with E. albidus and E. “buchholzi”, respectively (4 replicates per species and concentration, bars = SD) 


Table 3. NOEC vor reproduction (mg/kg) determined for carbendazim and 4-nitrophenol in the tests 
with E. albidus and E. “buchholzi” 


E. albidus E. “buchholzi” 
Carbendazim 1.2 ZI 
4-nitrophenol 10.0 5.6 
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Fig. 2. Effects of 4-nitrophenol (active ingredient) on the number of juveniles in two test runs per- 
formed with E. albidus and E. “buchholzi”, respectively (4 replicates per species and concentration, 
bars = SD) 


more susceptible to chemicals than the other because inter-specific sensitivity differences like 
those found here can be considered to be within the same range (Smrchek & Zeeman 1998). 
Our findings as well as published data (e.g. Neuhauser et al. 1986; Federschmidt 1994) con- 
firm the statement of Cairns (1986) that there is not one “most sensitive species”. 

The observed differences are also relatively small when taking the further use of such eco- 
toxicological test results into consideration. Usually these data are required as part of the risk 
assessment process when registering pesticides or notifying environmental chemicals. In 
such a process NOEC values are divided by high unsafety factors (e.g. 10) to take into 
account that single-species-tests do not cover all species, all possible endpoints and cannot 
represent the ecosystem to be protected. The NOEC value divided by an unsafety factor is 
called PNEC (Predicted-No-Effect-Concentration). PNEC values are compared with PEC 
values (Predicted-Exposure-Concentration) for the decision whether a chemical might have 
an ecotoxicological hazard potential or not. 

Coming back to our results, it appears that the value of the unsafety factor used in the risk 
assessment process (10) is higher than the differences in sensitivity observed in our real tests 
(ca. 2). However, the experiences gained with two species from the same genus and only two 
chemicals do not allow us yet to formulate a generally valid conclusion regarding sensitivity 
differences. Further tests following the same standardised protocol will be necessary to show 
how large sensitivity differences are on average and whether these differences have to be ac- 
counted for in the risk assessment process in another way than it is done today (e.g. by chan- 
ging the extrapolation factors used so far). 
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